Healthcare workers' cognitive performances and alertness are highly vulnerable to sleep loss and circadian rhythms. The purpose of this study was to investigate the changes in sleep characteristics of intensive care unit (ICU) and non-ICU physicians. Actigraphic sleep parameters, Pittsburgh Sleep Quality Index, Epworth Sleepiness Scale and Hamilton Depression Rating Scale were evaluated for ICU and non-ICU physicians on the day before shift-work and on three consecutive days after shift-work. Total sleep time, sleep latency, wakefulness after sleep onset, total activity score, movement fragmentation index, sleep efficiency, daytime naps and total nap duration were also calculated by actigraph. In the ICU physicians, the mean Pittsburgh Sleep Quality Index score was significantly higher than the non-ICU physicians (P=0.001), however mean Epworth Sleepiness Scale scores were not found significantly different between the two groups. None of the scores for objective sleep parameters were statistically different between the groups when evaluated before and after shift-work (P >0.05). However in both ICU and non-ICU physicians, sleep latency was observed to be decreased within the three consecutive-day period after shift-work with respect to basal values (P <0.001). Total sleep time, total activity score and sleep efficiency scores prior to shift-work were significantly different from shift-work and the three consecutive-days after shift-work, in both groups. Working in the ICU does not have an impact on objective sleep characteristics of physicians in this study. Large cohort studies are required to determine long-term health concerns of shift-working physicians.
Healthcare professionals have to practise at optimal cognitive performance in order to provide accurate and qualified care for patients. Optimal cognitive functioning, particularly alertness, is required not only for communication and interpretation of medical records, but also for problem solving. Alertness is defined as the ability to respond optimally to stimuli 1 . Optimal alertness is determined by homeostatic mechanisms and circadian rhythms. Alertness as well as cognitive performance is highly susceptible to sleep loss, and healthcare professionals, residents and medical students are faced with prolonged working hours resulting in chronic inadequate sleep time 1 .
Depending on the circadian rhythms, there are times when sleepiness is more pronounced, even in those without sleep loss. Sleepiness gradually increases between 0200 and 0600 hours, however for intensive care unit (ICU) patients needing 24-hour continuous care, optimal alertness for detecting urgent issues are essential. Night shiftwork can disturb normal physiological functions in addition to affecting the psychological state 2,3 . Hormone levels, blood pressure, heart rate, glomerular filtration, immune system and gastrointestinal system functions are also influenced by circadian rhythms [4] [5] [6] [7] [8] [9] . Therefore, it is probable to find physiological processes unsynchronised in ICU shiftworkers 1 . This synchronisation deficiency in shiftworking contributes to the development of fatigue 1 .
Sleep pattern variations during a defined period of time can be observed with devices known as actigraphs 10 . Actigraphic assessment can identify certain sleep-wake disorders and provide ambulatory and continuous monitoring of movement. The actigraph is a miniaturised acceleration sensor that translates motor activity to a numeric value when placed on the non-dominant wrist 11 . Therefore, the actigraph determines an objective assessment of sleep depending on the detection of movements 12 .
Prolonged work cycles with little or fragmented rest, night shift-work and high demands of the job should influence ICU doctors' sleep quality: therefore in the present study, the changes in sleep characteristics of ICU physicians by both subjective tests and objective parameters were measured by actigraphic sleep analysis, and the sleep quality of ICU physicians was compared with non-ICU physicians also doing shift-work.
MATERIALS AND METHODS
The study was approved by the institutional ethics committee (CBU 192-2008) . All participants gave their written informed consent.
Between May 2009 and July 2010, we asked all doctors (total 62 physicians) working in surgery departments and having five to six after-hours shifts per month to participate in our study. Physicians with known sleep disturbance, anxiety, peptic ulcer or neurological disorders such as stroke or tremor, whose non-dominant arm had been affected were excluded. In addition, those using medication or central nervous system depressants for sleep disorders were excluded. Eighteen physicians refused to participate to the study and four were excluded for taking psychoactive medicine. The resulting 40 volunteer physicians from surgery and ICU departments who worked shifts were included in the study. They were grouped into two: ICU physicians (n=20, Group 1) and non-ICU physicians (n=20, Group 2).
For all physicians, daytime work was performed from 0800 to 1630 hours. After-hours shifts were started at approximately 1600 hours and lasted for about 16 hours (until around 0800 hours the next day). All participants had five to six after-hours shifts per month, each preceded by normal daytime duties and followed by three workdays. They did not have any on-call duty during these three workdays.
Depression was measured using the Hamilton Depression Rating Scale and participants having scores higher than 17 were not included in the study 13 .
All subjects were first evaluated by subjective parameters with sleep instruments such as a standard sleep diary 14, 15 , the Pittsburgh Sleep Quality Index (PSQI, Appendix 1 available in the online version) and the Epworth Sleepiness Scale (ESS, Appendix 2 available in the online version). Afterwards, physicians were given actigraphs to assess their sleep parameters objectively. They were told to wear wrist actigraphs continuously on the day prior to shift-work and on the three consecutive days after shift-work except for short periods during bathing or vigorous physical exercise. They were also given sleep diaries and told to complete these during the study period.
Subjective sleep parameters Pittsburgh Sleep Quality Index
The PSQI measures sleep quality and disturbances during the past month. The PSQI includes 19 questions which evaluate sleep duration as well as the presence and severity of a sleep disorder 14 . All questions are scored from 0 to 3 according to the frequency of the symptom. The results are assessed as "good sleep quality" for scores ≤5 or as "bad sleep quality" for scores >5.
Epworth Sleepiness Scale
The ESS was used to evaluate the general level of self-reported daytime sleepiness or the "average sleep propensity" during the preceding week. The total ESS score is 24 maximally, and results ≥10 were assessed as indicating sleepiness 15 .
Objective sleep parameters ActiGraph
The ActiGraph (Actiwatch, AW64 ® , Mini-Mitter Co Inc, Bend, OR, USA) was applied on the participant's non-dominant wrist (Figure 1 ), to be worn on the day prior to shift-work and on three consecutive days after shift-work to evaluate sleep duration and continuity as well as to obtain some information about daytime naps [10] [11] [12] . All watches were calibrated prior to use and set to collect data at 30-second epochs and a maximum frequency of 32 Hz. Device sensitivities were calibrated to indicate that motor activities ≥20 minutes indicated being awake. A minimum of 10 minutes without motor activity after pressing the button was defined as sleep onset. Motor activities <5 /minute occurring out of a sleep period were assessed as napping. Nap periods were accepted to be between five and 15 minutes. A computer software program was used to calculate the activity/inactivity, and sleepiness/wakefulness parameters. The primary sleep period was determined on the basis of the time that contributors pushed the event button to indicate 'lights off' and 'lights on'. Total sleep time (TST) was calculated by removing the awakening periods from the basal TST during the night. Daily sleep and daytime activity variables, sleep latency (time from lights off to sleep onset), percentage of wakefulness after sleep onset (WASO), movement fragmentation index (MFI) (number of wake bouts between sleep onset and sleep offset expressed per hour) and total activity scores (TAS) were determined. Total awake time, percentage of time spent awake, number/ frequency of awakenings, duration of awakenings, sleep efficiency, daytime naps and total nap durations were also calculated. There were no missing data due to the removal of actigraphs except for bathing or vigorous physical exercise.
Statistical analysis
All statistical analyses were performed using SPSS for Windows ® 11.0. The 2 test and Fisher's exact test were used for comparing proportions. Sleep parameters (sleep latency, TST, TAS, WASO, MFI, sleep efficiency, total nap durations, daytime naps) of the study group at different times were compared using repeated measures of analysis of variance. Age, gender, PSQI and ESS of the study group were compared using Student's t-test. The level of statistical significance was set at P <0.05.
RESULTS
Among the 40 physicians included in the study, the mean age of the ICU physicians was 29.9±4.3, while the mean age of the non-ICU physicians was 29.4±3.4. There were no statistically significant age and gender differences between the two groups. In the ICU physicians, the mean PSQI score was significantly higher than the non-ICU physicians (P=0.001), however mean ESS scores were not found to be significantly different between Groups 1 and 2 ( Table 1) . The study population's parameters measured by actigraphy are shown in Table 2 . None of the scores for objective sleep parameters were statistically different between the groups when evaluated for four days including before and after shift-work (P >0.05) ( Table 2 ). However, in both ICU and non-ICU physicians, sleep latency was observed to be decreased within the three consecutive day period after shift-work with respect to basal values (P <0.001) ( Table 2 ). In both groups, it was shown that night sleep duration was fragmented; MFI (P=0.001) and WASO (P=0.01) were significantly higher within the three consecutive day period after shift-work ( Table 2) . A statistically significant difference was also seen for TST, TAS and sleep efficiency scores prior to shift-work and three consecutive day values after shift-work in each group (Table 2) .
DISCUSSION
In the present study, PSQI scores were significantly higher in ICU physicians, and actigraphic parameters were found to be significantly different between before shift-work and the three consecutive days in each group.
Good quality sleep is one of the most important aspects of mental health. Healthcare workers are aware that sleep loss may impair their performance and daily activities 16 . The potential problem of sleep loss and fatigue risks medical malpractice 17, 18 . Many previous studies had been designed to evaluate the sleep quality of physicians, but none of them evaluated the sleep characteristics of ICU physicians with objective tests before this study was planned [19] [20] [21] [22] [23] . ICU physicians should be prone to sleep disturbances more than other healthcare staff due to long working hours and shift-work. Therefore, in this study, we investigated the alterations of sleep characteristics in ICU and non-ICU physicians who undertake shift-work.
A major strength of our study is the use of multiple measures, both subjective and objective, to assess sleep, as well as sleepiness. Another strength is the continuous measurement over several days for the whole study population, which made it possible to follow the dynamics of the recovery pattern. The limitation of our study is that we did not perform polysomnography although it has been regarded as the gold standard for the evaluation of sleep. Polysomnography studies are expensive, require a special team and equipment and are time consuming, so it was difficult to carry out this type of study. Thus we preferred to use actigraphs which have been reported to provide an objective outcome measure in clinical trials 24 . In the present study, sample size was calculated taking the assumption about mean difference for PSQI. We could have found statistically significant results if there had been more people in the study, since effect sizes were smaller for ESS scores and actigraph parameters.
ICU physicians have to make critical decisions and take care of vital functions of patients. Particularly, they have to focus on life-threatening conditions. However, their routine work schedule includes both daytime duties and night shifts. In Malmberg's study 19 , anaesthesiologists were compared to paediatricians and ear, nose and throat surgeons who did shift-work and no significant difference was observed in mean night total sleep times between the groups. However, total sleep time and sleep efficiency of all the physicians were reported to be slightly different on different days after shiftwork. Physicians participating in Malmberg's study reported a recovery after two nights' sleep and the authors concluded that after night duty, sufficient short-term recovery should be achieved 19 . Similarly, in our study we could not find any difference in total sleep time, sleep efficiency and sleep latency in the ICU physicians and other physicians who did shiftwork. However, strong significant differences were observed between prior and after shift-work for these parameters. One important finding of our study, as it was in Malmberg's study, was the sleep efficiency which started to improve the night after shift-work and reached a normal level after three nights' sleep.
Sleepiness is one of the major concerns of impaired sleep quality. In Howard's study 25 , sleepiness was evaluated in resident physicians by multiple sleep latency tests, and sleep latency was found to be near or below levels associated with sleep disorders at basal and post call conditions in their study group. In our study, sleep latency was observed to be decreased in the entire study population prior to and after shift-work days, but there were no differences between ICU and non-ICU physicians.
In the present study, TAS were found to be significantly higher prior to shift-work in both groups, however, statistically significant differences were not seen between the groups. Shift-work causes fatigue and weariness in physicians 26 , therefore TAS should be decreased in both groups. On the other hand, WASO and MFI were significantly lower in all physicians after shift-work. Similarly, fatigue may induce deep sleep that depresses WASO and MFI.
Daytime napping episodes increased after shiftwork, this finding was normal; after shift-work napping needs naturally increase in all physicians and our data confirmed previous reports 27 .
